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CONFIGURATION FOR DETECTING OPTICAL SIGNALS IN AT LEAST ONE 
OPTICAL CHANNEL IN A PLANAR LIGHT CIRCUIT, ATTENUATOR 
INCLUDING THE CONFIGURATION, AND METHOD FOR MANU FACTURING THE 

CONF I GURATION 



Cross -Reference to Related Application: 

This application is a continuation of copending International 
^ Applications PCT/DEOl/OlM , filed April 30, 2001, and 

PCT/DE01/020708, which bot\ designated the United States. 



pjjD Background of the Invention; 
=p Field of the Invention: 

ry The invention relates to a configuration for detecting optical 
signals in at least one optical channel in a planar light 
circuit and to a method for manufacturing such a 

15 configuration. Such detection units are used, in particular, 
for monitoring individual channels in a planar light circuit 
by measurement . 

Planar light circuits (PLC) require the signals in the 
individual optical channels to be monitored by measurement. 
20 An example of this is monitoring of the optical signals 

upstream and downstream of an attenuator array, which performs 
channel -dependent attenuation of the levels of individual data 
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channels in the array. Channel -dependent attenuation permits 
different levels in the optical channels to be equalized. 

However, monitoring the individual channels by measurement 
encounters the problem that the waveguide layers carrying the 
optical signals are normally buried in the planar light 
circuit. To detect an optical signal in the planar light 
circuit, the optical signal via integrated waveguides must be 
routed to the end face of the circuit and, there, to a 
photodiode unit mounted on the end face. However, the fact 
1| that the waveguides are all in one plane results, in this 

case, in disturbing waveguide crossings between the individual 

5j data channels, which cause channel -dependent losses and 

Mi 

if! crosstalk. It can also be regarded as a drawback that the 
TlJ photodiode unit needs to be positioned extremely precisely 
15 with respect to the output waveguides at the end face of the 
planar light circuit. 

An example of an attenuation unit known in the prior art is 
shown in Fig. 7. The individual optical data channels 11 to 
In in an array 10 are routed through an attenuation unit 2. 
20 In the attenuation unit 2, the signals in the individual data 
channels are subjected to channel -dependent attenuation by 
respective attenuation units 21-2n and are equalized to a 
common level. The attenuation units 21-2n are normally in the 
form of thermo-optical Mach-Zehnder interferometers in which 
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the signals in the individual data channels are respectively 
split over two arms and are brought together again in one arm, 
possibly after phase shifting. The phase shifting can be used 
to set the attenuation for the optical signal carried in the 
5 data channel. 



Upstream and downstream of the attenuation unit 2, the 
individual channels 11 -In in the array 10 are monitored. The 
signal to be monitored is injected into monitor waveguides 
101-10n using weakly coupling directional couplers 3. These 
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W monitor waveguides 101-10n are used to route the signal to the 



L end of the planar light circuit, where it is detected by a 

5 

photodiode array 4. A drawback of this configuration is that 



== 



each monitor waveguide 101-10n on its way to the photodiode 

ffj 

array 4 crosses between 0 and n-1 waveguides in the array, 
15 depending on the channel. The crossing over of the monitor 
waveguides and the signal -carrying waveguides results in 
channel -dependent losses and in crosstalk from the other 
waveguides in the array. 

Summary of the Invention: 
20 It is accordingly an object of the invention to provide a 

configuration for detecting optical signals in at least one 
optical channel in a planar light circuit, an attenuator 
including the configuration, and a method for manufacturing 
the configuration that overcome the hereinaf ore -mentioned 



- 3 - 



M&N-IT242 



m 

M 

m 



ru 



disadvantages of the heretofore -known devices of this general 
type and that ease detection of the optical signals. In this 
context, signals in the optical channels in a planar light 
circuit need to be monitored easily by measurement, with 
reduction of the signal losses in the waveguides and without 
any undesirable crosstalk. In particular, such monitoring by 
measurement is to be provided for an attenuator apparatus. In 
addition, a method for manufacturing such a configuration is 
intended to be provided. 



With the foregoing and other objects in view, there is 
provided, in accordance with the invention, a configuration 
for detecting optical signals. The configuration features a 
planar light circuit including an optical channel. A trench 
5 formed in the planar light circuit interrupts the optical 
15 channel. The trench includes a detection unit detecting 
optical signals in the optical channel. 

With the objects of the invention in view, there is also 
provided an attenuator apparatus including an attenuator unit. 
A multiplicity of optical principal channels carry optical 
20 signals having an optical power, respectively passing through 
the attenuator unit, and have a respective associated monitor 
channel receiving a particular percentage of the optical power 
in the associated principal channel. A configuration as 
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discussed above detects the optical signals in the monitor 
channels . 

With the objects of the invention in view, there is also 
provided a method for manufacturing a configuration for 
5 detecting optical signals in an optical channel in a planar 
light circuit. The first step of the method is mounting a 
detection unit on a support submount . The next step is 

jjj interrupting an optical channel by forming a trench in a 

H planar light circuit. The next step is disposing the support 
'{5 submount on the planar light circuit using flip-chip mounting. 

P The next step is inserting a detection unit into the trench. 

D 

H Accordingly, the invention provides a configuration in which 

F» 

2 the planar light circuit contains at least one trench or a 

iy 

cutout which respectively interrupts or terminates at least 
15 one optical channel, and the trench (es) respectively 

contain (s) at least one detection unit that detects the 
optical signals in a channel. In this context, signal 
detection takes place essentially in the plane of the optical 
circuit. Hence, a hybrid configuration includes a planar 
20 light circuit and at least one detection unit integrated in 
the planar light circuit is proposed. 

The inventive solution has the advantage that optical signals 
are detected directly at the point of output, because the 
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detection unit is coupled directly to the waveguides and 
interrupted or terminated by the respective trenches. This 
local configuration of the detection unit means that it is no 
longer necessary to route monitor waveguides to the end face 
of the optical circuit, and, accordingly, there is also no 
longer any disturbing crossing of the monitor waveguides and 
the principal waveguides. This considerably facilitates 
monitoring by measurement . 

The inventive solution reduces the overall component size, 
because the detection unit can be disposed directly on the 
planar light circuit and no longer has to be disposed on the 
end face. In addition, chip area is decreased as a result of 
the monitor signals now no longer needing to be routed to the 
end face of the planar light circuit. 



15 The inventive solution also has a relatively high degree of 
positioning tolerance, since small displacements in the 
detector unit with respect to the buried waveguide barely 
influence detection of the signals in the waveguide. 

In one preferred refinement of the invention, the detection 
20 units are disposed on a support submount and are inserted into 
the trenches. in the planar light circuit upside down. This is 
done using "flip-chip mounting". The use of a submount to 
mount the detection units has a number of advantages. 
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First, disposing the detection units on a submount enables 
construction of rows of detection units, in particular 
photodiode rows, which can be mounted on the planar light 
circuit in one step. This allows a multiplicity of detection 
5 units to be mounted easily and quickly. In this context, the 
detection units or rows of detection units can be fully 
checked before integration in the planar circuit. If the 
detection units are disposed in the planar light circuit 

U: 

O without using a support submount for the detection units, the 

□1 

jjj check is admittedly likewise possible, but an important 
failure mechanism is the mounting itself. Replacing a, 
possibly, faulty photodiode is complex and is not always 
possible, however. This problem is eliminated if there is a 
preliminary check on the support submount. 
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15 Secondly, disposing the detection units on a submount enables 
interleaving of the detection units with one another, e.g. 
using conductor tracks applied using thin- film technology, in 
particular to connect the ground contacts of the detection 
units together. Active components, such as preamplifiers, can 

20 be integrated in the submount as well. 

Preferably, two rows of photodiodes are offset with respect to 
one another on the support submount. This has the advantage 
that the photodiodes can be disposed as closely to one another 
as possible. On the basis of the two rows of photodiodes, the 
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trenches in the planar light circuit are likewise produced in 
two rows and offset from one another. 

The photodiodes have a bevel that is preferably at an angle to 
the plane of the planar light circuit. In this context, the 
5 pn-junction or np-junction of the photodiodes is directly at 
the photodiode surface. This means that only light which 
reaches the pn-junction (or np-junction) can contribute to the 
photodiode current . The angled bevel of the photodiode means 
□ that even light irradiated closely to the base of the 
i§ photodiode is still refracted toward the photodiode surface. 
In this context, although this light may not be refracted 
directly to the photodiode surface, a normally high refractive 
U index of the photodiode material (for example of 3 . 5 in the 
Q case of InGaAs/lnP) means that it is kept in the photodiode by 

m 

15 multiple reflections. A prerequisite for this is that the 

photodiode is surrounded by an optically thinner medium, for 
example air. This is the case when the photodiode is inserted 
upside down into appropriate trenches in the planar light 
circuit, however. Provided that the photodiode is 

20 additionally embedded in a transparent potting compound, the 

latter normally likewise has a lower refractive index than the 
material of the photodiode. 

The injected light is thus reflected to and fro in the 
photodiode until it reaches the pn-junction or np-junction and 



IS) 
hi 
S 



- 8 - 



M&N-IT242 

is converted into photocurrent . This achieves a very high 
degree of positioning tolerance for the photodiode with 
respect to the buried waveguide in the planar circuit, because 
it is only necessary to ensure that light hits the bevel of 
5 the photodiode used in a trench at some point or other. 

In one preferred refinement of the invention, the support 
submount is mounted on the optical circuit and makes contact 
P via metalized areas on the planar light circuit, so that a 

: : 

^ compact configuration is obtained. To connect it to the 

y i 

lj contact areas on the optical circuit, the support submount 

m 

5 preferably has solder bumps. 

m 

£ Solder bumps are, in particular, gold/tin or gold/lead 

□ 

ry spherical indentations that can be produced very precisely and 
inexpensively, for example electrochemically or using screen- 

15 printing technology. The solder bumps may also be "stud 

bumps" made of gold or of a gold/tin alloy. To connect the 
support submount and the planar light circuit, such solder 
bumps are put onto one of the two elements. In this context, 
it is advantageous to put the solder bumps on the support 

20 substrate, because in this case the benefit in terms of 

production (manufacturing the submounts in the form of a wafer 
and subsequent separation) is greater. In addition, 
processing solder bumps disposed on the planar light circuit 
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as a result of the photodiodes which are in the trenches is 
more difficult. 



In addition, the solder bumps' level, which can be varied over 
a wide range between approximately 20 urn and 200 ]im r can 
advantageously be used for specifically setting the distance 
between the support submount and the planar light circuit, and 
hence the depth of penetration of the photodiodes into the 
trenches in the planar light circuit. 

Preferably, the support submount has gold metalizat ions which 
simultaneously serve as a conductor track and as mounting 
areas for the photodiodes and/or solder bumps and/or bonding 
wires. This makes it possible to increase the degree of 
integration on the support submount. 



In addition, the support submount is preferably of optically 
15 transparent construction. As a result of this, when the 
detection unit is mounted on the planar light circuit, a 
simple optical microscope can be used to monitor and set the 
orientation of the photodiode. 
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In another preferred refinement of the invention, the 
20 photodiodes are fitted on the support submount by laser 

soldering from below through the support submount. In this 
case, by way of example, gold pads are disposed on the surface 
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of the submount and gold/tin solder is disposed on the back of 
the photodiode, these gold pads and gold/tin solder are 
connected by laser soldering. In this context, the submount 
is transparent to the laser light used. This practice permits 
mounting in the "blank", where a wafer including 1000 
submounts, for example, is fitted with photodiodes before 
separation, the necessary connections are made and the fully 
fitted and connected submounts are then sawn out or separated 
using a wafer saw. 

Alternatively, the photodiodes are bonded onto the support 
submount, in which case the adhesive is conductive or is not 
conductive, depending on whether or not rear contact with the 
photodiode is necessary. Mounting in the blank is also 
possible when the photodiodes are bonded. 

The trenches formed in the planar light circuit preferably 
match the shape of the detection units used, so that the 
detection units can be inserted into the trenches with little 
play. This provides a self -aligning "plug-in principle" which 
facilitates mounting. 

It is pointed out that it is within the scope of the invention 
for the detection units to be transparent to some of the light 
in the optical channels and/or to particular wavelengths, so 
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that the optical channel /waveguide continues downstream of a 
detection unit. 

In one preferred application of the invention, the inventive 
configuration for detecting optical signals is part of an 
attenuator apparatus in which a multiplicity of optical 
channels pass through a respective attenuator unit for the 
purposes of signal equalization. In this context, each 
optical principal channel has at least one associated monitor 
channel into which a particular percentage of the optical 
power in the optical principal channel is injected. In this 
Oft case, the monitor channels are terminated by a respective 
□ detection unit as claimed in claim 1, i.e. the optical signal 

m 

^ in the monitor channel is detected by detection units disposed 
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in trenches in the circuit. 



15 Before being terminated, the monitor channels run essentially 
parallel to the respective optical principal channels, without 
crossing one another or the principal channels in the process. 
This is actually a fundamental advantage of the invention, 
since the local detection of the signals in the planar light 
circuit means that the individual waveguides no longer need to 
cross one another, and hence crosstalk and channel -dependent 
losses are prevented. 
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In this context, provision is preferably made for the 
principal channel respectively to run at the side of the 
trenches for the detection units undisturbed in the planar 
light circuit, while the signal in the associated monitor 
channel running parallel is detected by the inventive 
configuration. Crosstalk with the principal channel or other 
principal channels is minimized in this case. 

The method for manufacturing a detection configuration is 
distinguished by the following steps: 

- at least one detection unit is mounted on a submount 
support ; 

□ - at least one trench is formed in a planar light circuit, a 
U trench respectively interrupting at least one optical channel, 

□ and 

ru 

15 - the submount support is disposed on the planar light circuit 
using flip-chip mounting, with at least one detection unit 
being respectively inserted into a trench. 

Other features that are considered as characteristic for the 
invention are set forth in the appended claims. 
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Although the invention is illustrated and described herein as 
embodied in a configuration for detecting optical signals in 
at least one optical channel in a planar light circuit, an 
attenuator including the configuration, and a method for 
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manufacturing such a configuration, it is nevertheless not 
intended to be limited to the details shown, since various 
modifications and structural changes may be made therein 
without departing from the spirit of the invention and within 
the scope and range of equivalents of the claims. 

The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 
of specific embodiments when read in connection with the 
accompanying drawings . 

Brief Description of the Drawings: 

Fig. 1 is a diagrammatic sectional view showing a 
configuration for detecting optical signals in a planar light 
circuit ; 

Fig. 2 is a plan view showing the underside of a support 
submount for the configuration; 

Figs. 3a-3h are sectional views showing the individual method 
steps for manufacturing an configuration shown in Fig. 1; 

Fig. 4 is a plan view showing a multichannel attenuator unit 
with inventive detection configurations for monitoring monitor 
waveguides by measurement; 
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Fig. 5 is a plan view showing a multichannel attenuator 
apparatus as shown in Fig. 4, where the photodiodes are 
respectively disposed in two rows and, additionally, solder 
bump mounting areas are shown; 

5 Fig. 6 is a sectional view through a planar light circuit with 
integrated optical waveguides; and 

Fig. 7 shows a prior-art multichannel attenuator apparatus 
□ with signal monitoring. 

si 

in 

m 

uj Description of the Preferred Embodiments: 

y 5 

10 Referring now to the figures of the drawings in detail and 

5K3S 

[U first, particularly to Fig. 6 thereof, there is shown a 
£ customary layout of a planar light circuit 5 (PLC) for the 
purposes of better understanding of the invention. To 
manufacture the PLC, a plurality of Si0 2 layers having various 
refractive indices are deposited on a silicon wafer 51. These 
layers are a buffer layer 52, a core layer, and a top layer 
53. The core layer, situated between the buffer layer and the 
top layer, has the largest refractive index in this case. 
Before the core layer is covered with the top layer 53, a 
photolithographically produced mask (e.g. AZ resist) and an 
etching method (e.g. RIE - Reactive Ion Etching) are used to 
structure the core layer such that only individual ribs 54 of 
this layer remain. These ribs 54 are then covered with the 
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top layer 53 and form the light -carrying waveguide core. This 

core is disposed at a depth of approximately 20 yim in the Si0 2 
layer system, which is approximately 40 yim thick, and 
typically has a cross section of approximately 6x6 yim. 

To detect optical signals carried in the waveguide cores 
(ribs) 54, it is necessary in the prior art, as explained in 
the introduction with reference to Fig. 7, to route the 
waveguide cores to the end face of the PLC 5 and, there, to 
detect them using a detection unit. 

An inventive detection unit 1 is shown in Fig. 1. A cutout or 
a trench 6, which interrupts the waveguide 54, is formed in 
the Si0 2 layer (corresponding to the top layer 53 and the 
buffer layer 52 in Fig. 6) and up to the silicon wafer for the 
purpose of detecting an optical signal running in a waveguide 
or waveguide core 54. The trench 6 is preferably produced 
using an etching method. For trench etching, it is an obvious 
measure to etch the trenches at a depth of approximately 100 
Vim, since this deep etching step is also performed for other 
function structures, for example in attenuator apparatuses. 

20 The trenches 6 contain a respective photodiode 8 upside down. 
The photodiode 8 is fitted on a support submount 7 that is 
connected by solder bumps 9 to the planar light circuit 5 and 
is dispsoed on the latter. The photodiode 8 has a respective 
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chamfered bevel 81 on its side facing the light that is to be 
detected. 

In one alternative refinement (not shown) , one or more 
trenches are provided which each interrupt more than one 
optical channel, with a respective plurality of photodiodes 
being placed in one trench accordingly. 

Contact is made with the photodiode 8 firstly via a 
metalization on the side fitted on the submount 7 and secondly 
via a bonding wire 71 that detects a contact area (not shown) 
on the photodiode surface (bottom face). Alternatively, with 
appropriate refinement of the photodiode, provision may also 
be made for both contacts to be produced on the side facing 
the submount 7 . 

Provision may be made for the detection unit 8 to detect only 
light of particular wavelengths, while other wavelengths pass 
through the detection unit 8 essentially undisturbed and are 
routed further in the waveguide core 54. In addition, it is 
possible for the detection unit to absorb only a certain 
portion of the light signals and to convert that portion into 
an electrical signal, for example a few percent of the light, 
so that only a portion of the power of the optical signals is 
output, while another portion is routed further in the 
waveguide. 



- 17 - 



M&N-IT242 

Fig. 2 shows a plan view of the underside of the support 
submount 7 from Fig. 1. The submount preferably includes a 
Si0 2 substrate having a thickness of, by way of example, 4 00 
jam. A plurality of photodiodes 8 are offset on the submount 7 
in two rows. In this case, the photodiodes 8 respectively 
have their p-contact on the surface and their n-contact on 
their back. The submount 7 holds thin-film gold metalizations 
that form solder pads 81 and conductor tracks 82 for making 
contact with the photodiodes 8 and for solder bumps 9. 

The electrical contact for the submount 7 or for the 
photodiodes 8 is made via the solder bumps 9, which provide an- 
electrical connection to appropriate contact pads and 
metalized areas of the planar circuit. In this case, the n- 
contacts are preferably connected to a common metalization on 
the planar circuit, so that a common n-contact is obtained. 
To connect the submount 7 and the planar circuit 5, the solder 
bumps 9 and the metalized areas of the planar circuit are 
brought into line and the two components are soldered in a 
simple furnace step at approximately 270°C. In this context, 
the bump height can be used to set the distance between the 
submount 7 and the planar circuit 5 over a wide range. 

The manufacture and exact construction of the units of the 
detection configuration 1 are explained below with reference 
to Figs. 3a-3h. In this context, Figs. 3a to 3d are first 
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used to describe the manufacture of the submount 7. First, a 
gold metal izat ion is put onto the submount and a 
photolithographically produced mask (e.g. AZ resist) and an 
etching method are used to structure said gold metalization, 
so that solder pads and conductor tracks are provided for the 
photodiodes and solder bumps (Figs. 3a and 3b) . Next, a 
passivation and soldering stop layer, e.g. Cyclotene, is spun 
on, structured and fixed. A template is then used in a 
screen-printing method to spray on lead/tin spherical 
indentations (Fig. 3c) . These are briefly heated so that they 
become round. Alternatively, "stud bumps" made of gold or 
$ gold/tin are put on as solder bumps. 
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M- Next, photodiodes 8 are mounted onto each submount in two rows 
□ offset from one another using laser soldering or by bonding 

ru 

15 using a conductive diode adhesive bonder. The mounting side 
of the photodiodes is simultaneously their cathode contact. 
The anode contact of the photodiodes is on the photodiode 
surface. The anode contact is produced using a bonding wire 
(Fig. 3d) . 



20 



The steps mentioned may be performed in the wafer composite. 
The systems are then separated by sawing them out of the wafer 
composite. The separated systems are checked to ensure that 
they function. 
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The planar light circuit 5 is manufactured by first applying 
Si0 2 layers onto a silicon wafer as shown in Fig. 5 and 
structuring the core layer (Fig. 3e) . Next, a totalization is 
vapor-deposited and structured (Fig. 3f ) , a passivation and 
soldering stop layer is applied, and then deep etching is 
carried out to produce the trenches 6 (Fig. 3h) . These steps 
can also be performed in the wafer composite, with separation 
and function checking being carried out subsequently. 

Finally, the detection unit, including support submount 7 and 
photodiodes 8, is mounted on the planar light circuit 5 using 
flip-chip mounting, the photodiodes 8 projecting upside down 
into the trenches 6 in the planar light circuit. Solder bumps 
are used to produce an electrical connection between the 
■j* submount 7 and the planar light circuit. 
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Figs. 4 and 5 show the use of the inventive detection 
configuration in a 10 -channel attenuator apparatus. The 
actual attenuator unit. 2 includes, by way of example, thermo- 
opts really controllable Mach-Zehnder interferometers, as was 
described in the introduction with reference to Fig. 7. Each 
optical channel 11-ln to be monitored has an associated 
monitor channel 101- lOn into which approximately 3% of the 
light power in the optical channel 11-ln is injected using a 
coupler. The channel distance between the individual optical 
channels 11-ln is preferably 250 \xm or 500 \xm. 
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The monitor channel is terminated by a detection configuration 
as shown in Fig. 1, and the light in the respective monitor 
channel is detected by a photodiode. As Fig. 4 shows, for 
this purpose, the surface of the PLC contains a multiplicity 
of etched trenches approximately 100 urn deep, which 
respectively interrupt a monitor channel 101-10n and serve to 
hold a detection unit. The monitor channels are used to 
measure what optical power the optical signals have upstream 
and downstream of the attenuator apparatus 2 in the individual 
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This information can be used in a manner known per se to 
construct a control loop for the attenuator apparatus 2. In 
the illustration shown in Fig. 5, as an addition to the 
illustration shown in Fig. 4, bonding pads or solder bump 
15 mounting areas 58a for the p-contacts of the photodiodes and 
also bonding pads or solder pads 57 for heating elements of 
the Mach-Zehnder interferometers in the attenuator unit 2 are 
shown. Electrical contact is made with the n-contacts of the 
photodiodes via solder bump mounting areas 58b, which are 
connected to one another by means of a continuous metal izat ion 
59 on the planar circuit. The configuration of the trenches 
and of the photodiodes is illustrated as with reference to 
Figs . 1 and 2 . 
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The implementation of the invention does not relate to the 
exemplary embodiments illustrated above. The only matter of 
importance to the invention is that a planar light circuit 
contains at least one trench, which respectively interrupts or 
terminates at least one optical channel, and the trenches 
respectively contain at least one detection unit that detects 
the optical signals in an optical channel. 
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